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Abstract
This paper studies the relationship between the minimum wage and the employment rate
in the US using the framework of a panel structure model. The approach allows the min-
imum wage, along with some other controls, to have heterogeneous e¤ects on employment
across states which are classied into a group structure. The e¤ects on employment are
the same within each group but di¤er across di¤erent groups. The number of groups and
the group membership of each state are both unknown a priori. The approach employs the
C-Lasso technique, a recently developed classication method that consistently estimates
group structure and leads to oracle-e¢ cient estimation of the coe¢ cients. Empirical appli-
cation of C-Lasso to a US restaurant industry panel over the period 1990 - 2006 leads to
the identication of four separate groups at the state level. The ndings reveal substantial
heterogeneity in the impact of the minimum wage on employment across groups, with both
positive and negative e¤ects and geographical patterns manifesting in the data. The results
provide some new perspectives on the prolonged debate on the impact of minimum wage on
employment.
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1 Introduction
The relationship between the minimum wage and unemployment rate has been widely studied in
labor economics; see Brown (1999) for a summary. Conventional economic theory suggests that
a rise in the minimum wage should lead to reduced employment and thus a higher unemployment
rate. This assertion is challenged by empirical evidence in di¤erent ways, depending on what
methodology is employed.
As Dube, Lester, and Reich (2010) remark, the minimum wage literature in the United
States can be classied into two categories. One is based on traditional national level studies,
and the other is based on case studies. National level studies such as Neumark and Washer
(1992, 2007) use all cross-state variation in minimum wages over time to estimate the e¤ects of
an increase in minimum wage on employment. Case studies such as Card and Krueger (1994,
2000) and Neumark and Wascher (2000) typically compare adjoining local areas with di¤erent
minimum wages around the time of a policy change. In both kinds of studies, the conclusions are
mixed. For example, using survey data for 410 fast-food restaurants in New Jersey and Eastern
Pennsylvania, Card and Krueger (1994) nd that an increase in the minimum wage causes an
increase in employment. In contrast, Neumark and Wascher (2000) re-examine the issue for the
same two states by using administrative payroll data but nd negative e¤ects of a minimum
wage rise on employment. Dube, Lester, and Reich (2010) show that both approaches may
generate misleading results when unobserved heterogeneity is not properly accounted for. By
using the restaurant industry panel data set which ranges from the rst quarter of 1990 to the
second quarter of 2006 (66 quarters) for 1380 counties across the United States, they construct
contiguous county-pairs to control factors other than the minimum wage and nd that there are
no adverse employment e¤ects from minimum wage increases.
Dube, Lester, and Reich (2010) assume that the increases in minimum wages have constant
e¤ects on employment across states. But the United States is a large country that exhibits
enormous diversities in terms of economic development. This diversity may generate unobserved
heterogeneity in the e¤ects of minimum wages on employment. In particular, as Autor, Manning,
and Smith (2016) argue, minimum wages have di¤erent degrees of bindingnessacross di¤erent
states and their e¤ects on employment can induce heterogeneous responses.
This paper adopts a panel structure model to account for such heterogeneity in the e¤ects
of minimum wage on employment. In the panel structure model, cross sectional units form a
number of groups. Within each group the slope coe¢ cients are the same, whereas across groups
the slopes di¤er. Both the number of groups and each individual units group membership are
unknown a priori. Given the background of controversy in the minimum wage and employment
literature, this paper argues that the versatility of the panel structure model in accommodating
heterogeneity in behavior by means of data-determined grouping o¤ers a new look at this long-
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standing issue.
The econometric approach employed is a recently developed classication method called C-
Lasso (Su, Shi, and Phillips, 2016, SSP hereafter) that provides a consistent method of estimating
the unknown group structure and delivers oracle-e¢ cient estimates of the coe¢ cients in each
group. Empirical application of this technique to a US restaurant industry panel identies
four separate groups at the state level, revealing marked heterogeneity in the impact of the
minimum wage on employment across groups. The primary ndings show: (i) that the e¤ect
of the minimum wage is positive in some groups and negative in others; and (ii) that some
geographical patterns are evident in the data, with a notable distinction in response behavior
between the southeast and northwest regions of the US.
The rest of the paper is organized as follows. Section 2 extends the panel structure model and
C-Lasso technique of SSP (2016) to allow for latent group structures across di¤erent states for
the USAs county level data. Section 3 describes the data employed in the empirical application.
Section 4 reports the ndings and Section 5 concludes.
2 The model and methodology
This section introduces the panel structure model and describes the econometric methodology
that is used in the empirical analysis.
2.1 The Model
The model is adapted from the SSPs panel structure model and takes the following form
yit = x
0
itsi + i +  t + "it; i = 1; : : : ; N; t = 1; : : : ; T; (2.1)
where i and t denote county i and period t, respectively, si denotes the state which county i
belongs to, si is p  1 vector of slope coe¢ cients for state si, i and  t are individual xed
e¤ects and time xed e¤ects, respectively, and "it is the idiosyncratic error term. A latent
state-specicgroup structure is imposed on the si as follows
si =
8>>><>>>:
1 if si 2 G1
...
...
K if si 2 GK
; (2.2)
where fG1; : : : ; GKg forms a partition of the set of S states f1; : : : ; Sg; S = 51 for the United
States data,1 and k 6= ` for k 6= `. Intuitively, the above model says that states (and hence
1The District of Columbia is included in the data and treated as a state.
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counties within those states) in the same group Gk share the same slope parameter k, and
states in di¤erent groups have slope parameters that di¤er from each other.
2.2 The Methodology
For equation (2.1), we rst eliminate the individual xed e¤ects to obtain
~yit = ~x
0
itsi + ~ t + ~"it; (2.3)
where ~yit = yit   T 1
PT
s=1 yis, ~xit = xit   T 1
PT
s=1 xis, ~ t =  t   T 1
PT
s=1  s, and ~"it =
"it   T 1
PT
s=1 "is. Note that equation (2.3) is di¤erent from the equation (4.2) in Lu and Su
(2017) because here the si are not individual i-specic but state-specic. Noting that di¤erent
states might contain di¤erent number of counties, we cannot eliminate the time xed e¤ects as
in Lu and Su (2017). Here, we treat the time xed e¤ects as incidental parameters and dene
the T  (T   1) matrix
~  =
266664
  1T      1T
1  1T      1T
...
. . .
...
  1T    1  1T
377775 :
Let ~Yi = (~yi1; : : : ; ~yiT )0, ~Xi = (xi1; : : : ; xiT )0, and ~"i = (~"i1; : : : ;~"iT )0. Noting that
PT
t=1 ~ t = 0;
it is easy to reparametrize the ~ t so that equation (2.3) can be written in observation form as
~Yi = ~Xisi +
~  + ~"i; (2.4)
where  = (1; : : : ; T 1)0 is a (T   1) 1 vector such that ~1 =   1T
PT 1
s=1 s and ~ s = s 1+
~1 for s = 2; : : : ; T . Then the objective function can be written as
S1;NT (; ) =
1
NT
NX
i=1
( ~Yi   ~Xisi   ~ )0( ~Yi   ~Xisi   ~ );
where  = (01; : : : ; 
0
S)
0.
Next, we want to eliminate the incidental parameter . Without loss of generality, we
suppose the rst i1 individuals are in state 1, the following i2 individuals are in state 2, and so
on. Dene the N -vector N = (1; : : : ; 1)0; set ~Y = ( ~Y 01 ; : : : ; ~Y 0N )
0 and ~" = (~"01; : : : ;~"0N )
0, and dene
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the NT  Sp matrix
~X =
26666666666666666666664
~X1 0    0
...
...
. . .
...
~Xi1 0    0
0 ~Xi1+1    0
...
...
. . .
...
0 ~Xi1+i2    0
...
...
. . .
...
0 0    ~X(PS 1j=1 ij)+1
...
...
. . .
...
0 0    ~XN
37777777777777777777775
:
The stacked form of (2.4) is then
~Y = ~X + (N 
 ~ ) + ~":
Let M~  = INT   (N 
 ~ )[(N 
 ~ )0(N 
 ~ )] 1(N 
 ~ )0, Y = M~  ~Y , X = M~  ~X, and " = M~ ~".
Eliminate  by partitioned regression giving
Y = X + ";
and the corresponding objective function
S2;NT () =
1
NT
( Y   X)0( Y   X): (2.5)
C-Lasso estimation of  involves nonlinear penalized estimation to obtain a data-determined
state-specic group structure in  of the form (2.2). In particular, the C-Lasso estimator
minimizes the objective function
Q
(K)
1;NT;(; ; ) = S1;NT (; ) +

S
SX
s=1
Kk=1ks   kk; (2.6)
or, equivalently,
Q
(K)
2;NT;(; ) = S2;NT () +

S
SX
s=1
Kk=1ks   kk; (2.7)
where   NT is a tuning parameter and  = (01; : : : ; 0k)0. The criteria Q(K)1;NT;(; ; )
and Q(K)2;NT;(; ) yield the same estimates of  and ; which are denoted
~ = (~
0
1; : : : ;
~
0
S)
0
and ~ = (~01; : : : ; ~0K)
0. Let ~Gk = fs 2 f1; : : : ; Sg : ~s = ~kg for k = 1; : : : ;K.2 Based on
2Let ~G0 = f1; : : : ; Sgn([Kk=1 ~Gk). SSP show that ~G0 is an empty set asymptotically. In nite samples,
~G0 might not be empty and we can force each element in ~G0 to one of the K groups. For s 2 ~G0, if k =
argminkfk~s   ~kk; k = 1; : : : ;Kg, then s is re-classied into ~Gk .
5
the estimated group structure ~G1; : : : ; ~GK , we obtain the post-classication estimates ^ and
^. Specically, for each group ~Gk, k = 1; : : : ;K, we use OLS to estimate the common slope
parameters ^k and set ^s = ^k for all s 2 ~Gk.
2.3 The information criterion
Let ^2(K;) = S2;NT (^), where the dependence of S2;NT ; and thus ^2; on K and  is made
explicit. When K is unknown, we follow SSP (2016) and choose (K;) to minimize the following
BIC-type information criterion:
IC(K;) = ln[^2(K;)] +Kp
1p
NT
: (2.8)
3 Data
Minimum wages directly a¤ect only a small part of the labor force and overall economy. The
restaurant industry is of special interest in the minimum wage literature because it is both the
largest and the most intensive user of minimum wage workers. This feature of the industry has
motivated a vast literature on local case studies by using fast food restaurant data.3
In this paper, we follow Dube, Lester and Reich (2010) and consider the restaurant industry.
We use their dataset and explore how log employment (ln(empit)) responds to log minimum wage
(ln(mwit)), where i and t refer to county and time. Other control variables are log population
(ln(popit)) and log total employment (ln(empTOTit )). We conne attention to the restaurant
industry because minimum wages are known to have relatively larger e¤ects in this industry.
The panel data set ranges from the rst quarter of 1990 to the second quarter of 2006 (T = 66)
for 1380 counties (N = 1380) across the United States. The total number of observations is
91080 when we do not control ln(empTOTit ) in the regression.
When ln(empTOTit ) is included in the regression, N becomes 1378 because two counties have
missing observations for ln(empTOTit ). For Tolland county (countyreal: 9013) of Connecticut and
Adams county of Illinois, their ln(empTOT ) data are missing for the periods 2002Q22006Q2
and 2003Q3-2003Q4, respectively. To yield a balanced panel for ease of coding, we drop these
two counties and the corresponding total number of observations becomes 90948.
We refer readers to Section III in Dube, Lester, and Reich (2010) for a detailed description
of the data.
3Researchers have also considered specic subsectors of this labor market, such as teenager workers see, e.g.,
Brown, Gilroy, and Kohen (1982).
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Table 1: Information criterion values
K = 1 K = 2 K = 3 K = 4 K = 5 K = 6 K = 7 K = 8
c = 0:05 -4.315 -4.383 -4.388 -4.395 -4.392 -4.391 -4.387 -4.384
c = 0:10 -4.315 -4.385 -4.386 -4.396 -4.392 -4.387 -4.387 -4.384
c = 0:20 -4.315 -4.351 -4.379 -4.389 -4.394 -4.386 -4.390 -4.385
4 Main results
We employ the same benchmark model as equation (1) of Dube, Lester, and Reichs (2010)
which has the following two forms
ln(empit) = c+  ln(mwit) +  ln(popit) + i +  t + "it; and (4.1)
ln(empit) = c+  ln(mwit) +  ln(popit) +  ln(emp
TOT
it ) + i +  t + "it; (4.2)
where c denotes the common intercept term. By combining this benchmark specication with
the panel structure formulation that allows state specic coe¢ cients, we consider
ln(empit) = c+ si ln(mwit) + si ln(popit) + i +  t + "it; and (4.3)
ln(empit) = c+ si ln(mwit) + si ln(popit) + si ln(emp
TOT
it ) + i +  t + "it; (4.4)
which allows for the state-wise slope coe¢ cients
 
si ; si ; si

. Note that we do not want to
assume these parameters to be county-specic because minimum wage laws are typically imposed
at the state or Federal level. Following SSP (2016), we allow the parameters (si ; si) in (4.3)
or (si , si , si) in (4.4) to exhibit certain latent group structures.
4.1 Model (4.3)
We use C-Lasso to identify the panel structure in (4.3). The tuning parameter is chosen as
 = c T 1=3, and c takes three candidate values, namely, 0.05, 0.10, and 0.20. The maximum
number of groups adopted here is 8. For each combination of the number of groups K and the
tuning parameter c, we calculate the information criterion value according to equation (2.8).
The results are reported in Table 1 and Figure 1. The number shown in bold in Table 1 denotes
the minimum value that is achieved when c = 0:10 and K = 4. Figure 1 plots the information
criterion values for c = 0.05, 0.10, and 0.20 and K = 1; 2; : : : ; 8. The lowest point is obtained in
the green dashed line when the number of groups is 4 and c = 0:10.
Applying C-Lasso on the dataset we nd 4 latent groups. The left panel in Table 2 reports
the post-Lasso regression results for each group in (4.3) and the pooled regression in (4.1).
Table 2 suggests that the estimates of  (the slope coe¢ cient of ln(popit)) are relatively stable
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Figure 1: The horizontal axis marks the number of groups and the vertical axis marks the
corresponding information criterion value.
across the four groups and are always positive. The latter is as expected given the positive
correlation between total population and employment. In contrast, the estimates of  (the
slope coe¢ cient of ln(mwit)) vary across the four groups substantially and even alter signs.
For Groups 1-3, the estimate of  is positive, which means, counter to economic intuition,
that increasing the minimum wage has a positive e¤ect on employment. But for Group 4, the
estimate of  is negative, which is consistent with theory and conventional wisdom. These
results from C-Lasso estimation suggest that responses of employment to increases in minimum
wages are highly heterogeneous across di¤erent groups of states. When the minimum wage
increases by 1%, employment increases by 0.534%, 0.047%, and 0.077% in Groups 1, 2, 3,
respectively, but decreases by 0.221% in Group 4. If we pool Groups 1-4 together and estimate
the model in (4.1), then we nd that a 1% increase in the minimum wage decreases employment
by 0.211% for the full dataset. This pooled estimate can be interpreted as a weighted average
of the four group-specic estimates. But this weighted average remains silent about the latent
heterogenous pattern in responses that exists across state groups that is revealed by the C-Lasso
regression using the panel structure formulation. Such heterogenous e¤ects of minimum wage on
employment in di¤erent regions of the country surely have useful implications for policy makers
in designing legislation at both the state and federal levels.
Table 3 reports the classication results based on the model in (4.3). For Group 1, the
increase in the minimum wage is positively correlated with employment. The e¤ect is relatively
large a 1% increase in minimum wages associates with a 0.534% increase in employment. We
call Group 1 the large positive , large group, which contains 8 member states. For Group 2,
the e¤ect of the minimum wage on employment is signicantly positive but very small, and the
9
Table 3: Classication results of states for model (4.3)
Group 1: large positive , large group (jG^1j = 8)
Alabama District of Columbia Hawaii Louisiana Mississippi
Ohio South Carolina South Dakota
Group 2: small positive , large group (jG^2j = 15)
Arkansas Connecticut Georgia Maryland Michigan
Minnesota Missouri Nevada New York North Carolina
North Dakota Rhode Island Tennessee Texas Virginia
Group 3: small positive , small group (jG^3j = 17)
Alaska Arizona Delaware Idaho Illinois
Kentucky Maine Massachusetts Montana Nebraska
New Hampshire New Mexico Oklahoma Pennsylvania West Virginia
Wisconsin Wyoming
Group 4: negative group (jG^4j = 11)
California Colorado Florida Indiana Iowa
Kansas New Jersey Oregon Utah Vermont
Washington
e¤ect of population is marginally smaller than that in Group 1. So we call Group 2 the small
positive , large group, which has 15 member states. Similar to Group 2, the e¤ect of the
minimum wage on employment is signicantly positive but small for Group 3, but the e¤ect of
population on employment is also small for Group 3. So we call Group 3 the small positive ,
small group, which has 17 member states. Group 4 distinguishes itself from all other groups
by having negative correlation between the minimum wage and employment after controlling for
population. So we call Group 4 the negative group, which contains 11 states.
We use Figure 2 to illustrate the connection between the preliminary estimates and the
nal groupings for each state. The preliminary estimates are obtained when we minimize the
objective function in equation (2.5) without imposing any group structure. The horizontal and
vertical axes correspond to the preliminary estimates of  and , respectively. Groups 1, 2, 3,
and 4 are signied by red circle, green diamond, blue triangle, and purple square, respectively.
The results show that, as might be expected from the classication process, those states with
close preliminary estimates of the slope parameters are typically more likely to be classied into
the same group.
Figure 3 displays the group structure color coded on the map of the United States. States
in Group 1 are mainly in the southeast of the United States. The states in the other groups
also have some clustering pattern but the pattern is mainly localized clusters. In other words,
10
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geographical location plays some role in the minimum wage and employment relationship based
on a panel structure regression using the specication (4.3) but the role takes the form of certain
regional and localized clusters.
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Figure 3: This map color codes the group classication results. Group 1 member states appear
in light blue and Group 4 member states appear in deep blue.
Table 4 reports the descriptive statistics for each group and all samples. We nd that the
minimum wage is the highest for Group 4 and the lowest for Group 1. Besides, Group 4 also has
the highest Restaurant average weekly earnings, Retail average weekly earnings, Overall private
average weekly earnings, and Manufacturing average weekly earnings, despite the fact that none
of that information on average earnings is used in the C-Lasso classication.
Our ndings suggest that the e¤ect of the minimum wage on employment is non-monotonic.
A possible explanation is the presence of threshold e¤ects. When the minimum wage is too
low, some unemployed low-skilled individuals may choose not to work; but a slight increase in
the minimum wage in this case may be su¢ cient to encourage these individuals to choose to
work, thereby raising employment. The increase in employment in this case is mainly driven
by the supply side. On the other hand, if the minimum wage is already high, further increases
lead to rising labor costs which are su¢ cient to motivate employers to layo¤ some low-skilled
workers. In this case the decrease in employment is mainly driven from the demand side. A
formal supply and demand analysis of potential threshold e¤ects of this type on the e¤ect of
minimum wage increases on employment seems worthwhile given these empirical ndings but is
beyond the scope of the present note.
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Table 5: Information criterion values
K = 1 K = 2 K = 3 K = 4 K = 5 K = 6 K = 7 K = 8
c = 0:05 -4.417 -4.489 -4.486 -4.497 -4.480 -4.447 -4.459 -4.452
c = 0:10 -4.417 -4.461 -4.491 -4.486 -4.482 -4.468 -4.460 -4.464
c = 0:20 -4.417 -4.470 -4.470 -4.485 -4.473 -4.467 -4.455 -4.439
-4.50
-4.48
-4.46
-4.44
-4.42
1 2 3 4 5 6 7 8
Number of Groups
IC w ith c=0.05
IC w ith c=0.10
IC w ith c=0.20
Figure 4: The horizontal and vertical axes mark the number of groups and the corresponding
values of the information criterion, respectively.
4.2 Model (4.4)
Here we use C-Lasso to identify the panel structure in model (4.4). As in Table 1, we report
the information criterion values in Table 5. The number in bold is the minimum value, which is
achieved when c = 0:05 and K = 4. Figure 4 plots the information criterion function where the
horizontal and vertical axes mark the number of groups and the information criterion values,
respectively. The lowest point is achieved in the red line when the number of groups is 4 and
c = 0:05.
By applying C-Lasso, we still nd 4 latent groups for the model (4.4). The right panel of
Table 2 reports the regression results for each group in model (4.4) and the pooled model in
model (4.2). The estimates of  (the slope coe¢ cient of ln(popit) and  (the slope coe¢ cient
of ln(empTOTit )) have the same signs for all groups and the pooled one, which implies that the
increase in population or/and total employment is positively associated with the increase in
employment in the restaurant industry. The estimate of  (the slope coe¢ cient of ln(mwit) )
is positive for Groups 1 and 3 but negative for Groups 2 and 4. This suggests that the group
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Table 6: Classication Results of States for Model (4.4)
Group 1: large positive group (jG^1j = 7)
Alabama Georgia Louisiana Mississippi Ohio
South Carolina Texas
Group 2: small negative group (jG^2j = 17)
Delaware District of Columbia Indiana Maine Maryland
Massachusetts Michigan Minnesota Missouri Nevada
New Jersey New York North Carolina Rhode Island South Dakota
Tennessee Virginia
Group 3: small positive group (jG^3j = 14)
Alaska Arizona Arkansas California Connecticut
Idaho Illinois Kentucky New Hampshire New Mexico
Oklahoma Pennsylvania West Virginia Wisconsin
Group 4: large negative group (jG^3j = 13)
Colorado Florida Hawaii Iowa Kansas
Montana Nebraska North Dakota Oregon Utah
Vermont Washington Wyoming
structure is stable when we control the impact of total employment despite the fact that the
e¤ect of minimum wage on employment now becomes negative in Group 2.
Table 6 reports the classication results. Groups 14 have 7, 17, 14, and 13 member states,
respectively. Depending on the values of the  estimates, we name Groups 14 respectively as
the large positive group, small negative group, small positive group, and large negative
group. The table suggests that the control of total population brings signicant changes to
the classication results.
Figure 5 illustrates the connection between the preliminary estimates and the nal groupings
for each state. Now the horizontal and vertical axes correspond to the preliminary estimates of
 and  + , respectively. Groups 1, 2, 3, and 4 are displayed using red circle, green diamond,
blue triangle, and purple square, respectively. Unsurprisingly, we nd that states with close
preliminary estimates of the slope parameters are more likely to be classied into the same
group.
Figure 6 presents the group structure in the map for the United States. Comparing this
map with Figure 3, it is now evident that the Group 1 states locate largely in the southeast and
the Group 4 states mostly in the northwest. Group membership does not change much for the
members in Group 1.
Table 7 reports the descriptive statistics for each group and all samples. We still observe
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Figure 5: The horizontal and vertical axes correspond to the preliminary estimates of  and
 + , respectively. Each point represents a state, marked by the standard state abbreviation.
Groups 1, 2, 3, and 4 are shown using red circle, green diamond, blue triangle, and purple
square, respectively.
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Figure 6: This map displays color-coded group classication results based on model (4.4). Group
1 member states are shown in light blue and Group 4 member states in deep blue.
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that Group 4 states have higher minimum wages than the others. But interestingly, the average
earnings in all industries become lowest in Group 4.
5 Conclusion
This paper explores the relationship between minimum wages and employment across the US
states using new econometric C-Lasso methodology to provide a data-determined approach to
the classication of states into common groupings. A panel structure model is used to capture the
inherent heterogeneity across states in the US restaurant industry and the C-Lasso mechanism
determines the group structure and the number of groups in this industry.
Using the model and data from the study by Dube, Lester, and Reichs (2010), our ndings
reveal 4 state groupings in the restaurant industry. The estimated group structure has certain
geographical patterns. For both model specications employed, we nd two major groups which
are located in the southeast and northwest of the United States. The ndings also reveal
substantial heterogeneity in the impact of the minimum wage on employment across groups,
with both positive and negative e¤ects manifesting in the data. These results provide some
new perspectives about potential impacts on employment that seem relevant to policy makers
in designing minimum wage legislation.
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